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Prevalence of variant brachial-basilic vein anatomy
and implications for vascular access planning
Javier E. Anaya-Ayala, MD, Houssam K. Younes, MD, Christy L. Kaiser, MD, Obaid Syed, BS,
Nyla Ismail, PhD, Joseph J. Naoum, MD, Mark G. Davies, MD, PhD, MBA, and
Eric K. Peden, MD, Houston, Tex
Objective: To describe and increase understanding of the brachial-basilic vein anatomy that could impact planning of
long-term hemodialysis access procedures.
Methods: Preoperative vein mapping was conducted in a cross-sectional, observational study in end-stage renal disease
patients from August 2005 to May 2010. “Traditional” anatomic description with basilic-brachial junction at the axillary
level with paired brachial veins was classified as “Type 1.” Junctions observed at the mid or lower portions of the upper
arm with duplication of the brachial vein above that level were classified as “Type 2.” Junctions at the mid and lower
portions of the upper arm with no duplication of the brachial vein above that level were classified as “Type 3.”
Results: Two hundred ninety patients (mean age, 56  17 years; 52% men) were observed and 426 arms mapped (221
right, 205 left). The prevalence of variations in venous arm anatomy was as follows: Type 1: 66%; Type 2: 17%; and Type
3: 17%.
Conclusions: This study underscores the need for heightened awareness of upper arm venous variations and advocates the
regular use of preoperative ultrasound imaging. We propose that recognition of Type 3 anatomy may have implications
in access algorithm and planning. (J Vasc Surg 2011;53:720-4.)
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sBasilic vein transposition arteriovenous fistula creation
is rapidly becoming a more common vascular access proce-
dure, in part due to the launch of the Fistula First initiative
and the update of the Kidney Disease Outcomes Quality
Initiative (KDOQI) guidelines and is considered superior
to a prosthetic graft.1 Comparisons of brachiobasilic arte-
riovenous fistulas (BBAVF) and synthetic grafts reported
higher overall but variable patency rates, as well as fewer
interventions and complications in patients with BBAVF.3
Disadvantages to using a BBAVF are the requirement
for fistula maturation time and a higher rate of non-
maturation as compared with prosthetic grafts, ranging
from 0% to 38%.2 This rate is still, on average, less than that
of other native fistulas,2 which may be explained by the less
accessible basilic vein, which is more proximal and deeper
than the cephalic vein. Another drawback to BBAVF is the
complexity of the procedure. Given that in the last decade
there has been a surge in BBAVF,4 little is known about the
complications and how to avoid them.
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720Despite the increasing use of BBAVF, limited basilic
ein anatomical knowledge is available. In traditional text-
ooks of anatomy, Gray5 and Moore6 describe the distal
asilic vein as lying superficially, ascending along themedial
spect of the forearm, and after crossing the antecubital
ossa; the vein runs parallel to the brachial artery. The
aired brachial veins in the deep fascia ascend from the
orearm to the axilla along either side of the brachial artery.
owever, one case in which the basilic and brachial vein
natomy was more variable, failure to recognize a low
asilic-brachial junction and unpaired brachial vein during
asilic vein transposition (BVT) led to a failure of subse-
uent graft placement.7 In this case, the entire deep venous
ystem was harvested during BVT, which unfortunately
ailed. Kakkos et al also reported a case in which this low
onfluence was encountered during a second stage for
VT, leading to a combined basilic-brachial vein transpo-
ition.8 An article byHyland et al on the use of preoperative
apping venography reported 44% of patients with an early
rachial-basilic confluence; although in this series, “early”
as not defined.9
To map the variations in anatomy, we performed an
bservational study of basilic vein anatomy using Duplex
ltrasound of the upper arm. Three types of anatomies, the
ignificance of each type on creation of BBAVF, and sub-
equent graft placement is discussed.
ETHODS
Our study was a combined retrospective and prospec-
ive observational study. Approval was obtained from the
nstitutional Review Board and a waiver of consent was
btained from The Methodist Hospital prior to enrolling
ubjects. Patients seen at our center for planning of hemo-
ialysis access between August 2005 and the completion of
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Volume 53, Number 3 Anaya-Ayala et al 721enrollment inMay 2010 for whom veinmaps were available
were included. There were no exclusion criteria. Data col-
lection began in November 2007. Vein maps performed
before that date were reviewed retrospectively, and the type
of anatomywas determined. Demographic information was
collected from medical records of The Methodist Hospital.
Data collected included age, gender, race, handedness,
presence of dialysis catheter, and presence of a prior fistula
or graft. For vein maps done after enrollment began, the
physician performing the ultrasound exam specified the
type of anatomy and collected the demographic informa-
tion at the time the vein mapping was performed. The
definition of each anatomical variation and the vein mapping
protocol are described below. All data points were entered
into aMicrosoft Access (Redmond,Wash) database. A total of
290 patients were enrolled in order to achieve 80% power,
based on the estimate that 25% ( 5%) of subjects would have
the anatomy of interest (Type 3 anatomy).
Statistical analysis. Differences in frequency of ana-
tomical variations based on gender, ethnicity, and right
versus left arm were analyzed for statistical significance with
2 and Fisher’s exact test. For patients with both arms
mapped, the Stuart-Maxwell test was used to test for mar-
ginal homogeneity.
ULTRASOUND VEIN MAPPING PROTOCOL
All vein mapping was performed by a registered vascu-
lar technologist or vascular surgeon. Prior to each vein
mapping, brachial artery pressures were measured bilater-
ally unless the patient had a functioning access present in
one arm. The entire lengths of the basilic and cephalic veins
were examined in transverse orientation, starting from the
shoulder and scanning to the wrist, with compression per-
formed every 2 to 3 cm. The location and length of any
Fig 1. Schematic Illustrations of the anatomic classifica
426 duplex vein mapping: In Type 1 anatomy, the basilic
vein (A). In Type 2 and 3 anatomies, the basilic vein join
of the upper arm. In Type 2, the brachial veins are still p
3 anatomy, there is only a single unpaired brachial vein anoncompressible segment was noted, as well as the age Aacute vs chronic) if possible, based on the echogenicity and
aliber of the vessel. The cephalic and basilic veins’ internal
iameter and their depth from the surface of the skin were
easured at each of the following locations: the proximal,
id, and distal upper arm, the antecubital fossa, proximal
nd mid-forearm, and the wrist. The site where the basilic
ein joins into the brachial vein was recorded as being in the
pper, mid, or lower third of the upper arm. The number of
rachial veins present at the level of the brachial and basilic
unction was noted. Doppler spectral waveforms were re-
orded for the three vessels named above as well as for the
ubclavian vein.
LASSIFICATION OF VENOUS ANATOMY
The anatomy of each arm was classified into one of
hree types. Type 1 anatomy was defined as that consistent
ith the description in most anatomical atlases. In the
roximal third of the upper arm, near the axilla, the basilic
oins with the brachial venous system to form the axillary
ein (Fig 1,A). In Types 2 and 3 anatomies, the basilic vein
oins with the brachial venous system in themiddle or lower
hird of the upper arm. In Type 2, the brachial veins are still
aired at the level of the brachial-basilic junction (Fig 1, B).
n Type 3 anatomy, there is only a single unpaired brachial
ein above the level of convergence with the basilic (Fig 1,
and Fig 2).
ESULTS
Over a 4-year period, 426 arms were mapped from 290
atients. The mean age was 56 17 years, with 52% being
ale. In addition, ethnicity, previous fistula implants, and
ialysis catheter placement were recorded. The population
ad a majority of African-Americans at 44% and with other
thnicities at 24% for Hispanics, 17% for whites, 2% for
nd distribution of the different types found among the
oins with the brachial venous system to form the axillary
the brachial venous system in the middle or lower third
at the level of the brachial-basilic junction (B). In Type
the level of convergence with the basilic (C).tion a
vein j
s with
airedsian, and 13% other or unknown. Approximately 36% of
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March 2011722 Anaya-Ayala et althe patients had a previous fistula and 43% had a dialysis
catheter present. The majority of the patients have fistu-
las in their left arm (62%), with some in their right arm
(24%) or both (14%). In patients who had both arms
mapped, the agreement in anatomy between the two
arms was 63%. Of the total arms mapped, the majority of
the patients, 66%, exhibited the traditional Type 1 anat-
omy. Type 1 was characterized as having the brachial-
basilic junction in the upper third of the arm. Agree-
ments in Type 1 anatomy were within a 37% difference
between the two arms with 205 in the left and 221 in the
right. The remaining 34% of the patients had the brachi-
al-basilic junction in the mid to lower portions of the arm
and were characterized as Type 2 or 3 anatomies. Type 3
anatomy has the brachial-basilic junction and is the most
clinically relevant, like Type 2, in the mid and lower
portions of the arm; however, unlike Type 1 or 2, there is
no duplication of the brachial vein above the junction.
Patients with Type 3 anatomy made up 17% of our
patient population and the remaining 17% were Type 2
(Fig 1). The marginal homogeneity test was not signifi-
cant (P  .59), indicating the type between the left arm
and right arm was similar. The prevalence of the three
types did not differ significantly according to gender, left
Fig 2. Example of Type 3 variation. Right upper extre
running the length of the arm; the basilic vein enters the
to the antecubital fossa. (Kaiser CL, Anaya-Ayala JE, Is
2010;39:627-9. Permission to reproduce granted by Els
Table I. Distribution of the different types found among
Arms mapped
Male (n  232)
L R
Type 1 (n  281; 66%) 85 81
Type 2 (n  73; 17%) 17 19
Type 3 (n  72; 17%) 11 19
Total 113 119
Type 1 was found in 281 (66%) of the upper arms mapped, Type 2 in 73 (1
The prevalence did not differ significantly according to gender or left or rigor right arm (Table I), or ethnicity (Table II). sISCUSSION
Our study found that 17% of patients displayed Type 3
natomy, which is characterized by a single, unpaired bra-
hial vein running the length of the arm. This suggests
sing vein mapping before surgery to screen for variant
natomies may decrease the likelihood of complications. In
ur previously described case,7 failure to recognize this
ariant anatomy had dire consequences. The basilic fistula
ailed, and because the entire deep venous system of the
rm had been transposed, the arm was subsequently useless
or access after a single failed fistula. This experience led to
heightened awareness of this variant and stimulated the
urrent study.
Most of our patients exhibited the typical anatomy
haracterized by Type 1. We found that approximately 83%
f the upper arms mapped had paired brachial veins. In
rder for atypical venous anatomy to lead to clinical conse-
uences after BBAVF, the anatomy must differ from the
raditional description in two ways. First, the basilic vein
ust merge with a brachial vein relatively distally, in the
ower two-thirds of the upper arm, making it possible to
istake the brachial vein for a branch of the basilic. Second,
here must be only a single brachial vein present above the
evel of convergence with the basilic. Our classification
venogram demonstrates a single unpaired brachial vein
hial vein relatively distal to the usual location and closer
N, Davies MG, Peden EK. Eur J Vasc Endovasc Surg
)
26 duplex vein mappings by gender
Female (n  194)
Left arm
(n  205)
Right arm
(n  221)R
3 62 138 143
6 21 33 40
3 19 34 38
2 102 205 221
nd Type 3 in 72 (17%).
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Volume 53, Number 3 Anaya-Ayala et al 723lies. Type 1 anatomy agrees with the traditional picture of
upper arm veins as described above, with the exception that
the basilic vein needed to ascend only to the proximal third
of the upper arm, not necessarily to the border of the teres
major, to be classified as Type 1.We felt that this was amore
clinically useful distinction, as it would be rare for a brachial-
basilic junction above this level to cause confusion during
surgery. In Type 2 anatomy, the first of the two anomalies
is present— the basilic vein joins the medial brachial vein in
the lower two-thirds of the upper arm.However, in Type 2,
the brachial veins are still paired above this point. In Type 3
anatomy, both relevant variations are present — the basilic
vein terminates in the lower two-thirds of the upper arm,
where it joins an unpaired brachial vein.
During a BBAVF, a significant length of vein needs to
be mobilized to provide adequate length of a usable fistula.
In the case of Type 1 anatomy, mobilization to the junction
should be sufficient. In the case of Type 3 anatomy, the
entire brachial system will be mobilized as well. Type 2
anatomy will leave a brachial vein behind, which can be
utilized in subsequent access surgery. In the event that the
fistula fails, the next access will be impacted by the preex-
isting anatomy. In our reported case,7 a forearm graft was
placed after the failed basilic fistula and tremendous swell-
ing required ligation of the graft. Upper arm graft place-
ment was not viable as the venous occlusion with failure of
the fistula extended well into the axilla, making it nearly
inaccessible surgically. Had this anatomy been appreciated
preoperatively, greater consideration would have been
given to a forearm graft prior to basilic fistula creation, as
we feel that preserving the greatest number of access sur-
gery options is of the utmost importance. According to the
KDOQI guidelines, a synthetic graft should be placed if
there are no further options for fistula creation in the arms,1
but in the case of Type 1 anatomy, we recommend at least
considering an alternative algorithm utilizing forearm graft
prior to basilic fistula.
There are few studies addressing the anatomy of the
basilic vein with which to compare our results. Two of these
comment on only the presence or absence of the vein. (The
basilic vein was present in 99.0% to 99.5% of subjects.9,10)
BesidesHyland, themost complete review of the upper arm
veins was published by Baptista-Silva et al, who described
the anatomy of the basilic vein based on cadaveric dissec-
Table II. Distribution of the different types found among
Number of arms mapped
African-
American
(n  188)
Caucasia
(n  73
L R L
Type 1 (n  281; 66%) 56 60 26
Type 2 (n  73; 17%) 16 24 3
Type 3 (n  72; 17%) 17 15 5
Total (n  426) 89 99 34
The prevalence did not differ significantly according to ethnicity.tions of 26 arms from 13 subjects.11 Their findings noted Shat the basilic vein only ascended to the level of the teres
ajor as classically described in one-quarter of the arms. Of
he basilic veins that terminated more distally, about two-
hirds joined the medial brachial vein. The other third (or
5% of the total) joined an unpaired brachial vein, which
oughly corresponds to our Type 3 anatomy.
More and more institutions are starting to perform
reoperative vein mapping routinely, and this approach is
ecommended by the KDOQI guidelines for all patients
rior to access placement.12 Several studies have demon-
trated that vein mapping can increase the percentage of
atients receiving autogenous fistulas, decrease the inci-
ence of negative exploration, and improve patency and
aturation rates of both native fistulas and prosthetic
rafts.13-16 With a better understanding of the variations in
pper arm venous anatomy and their implications for
BAVF creation, ultrasound vein mapping could also be
sed to specifically screen for the relevant variations prior to
urgery.
ONCLUSIONS
Despite the advantages of BBAVF over synthetic grafts,
pproximately 40% of BBAVFs will fail within 2 years,2
eaving the patient in need of another form of hemodialysis
ccess. Given that nearly one in five patients has a Type 3
natomical anomaly that may result in complications that
ay preclude future placement of an ipsilateral graft, it is
mportant for access surgeons to be aware of this variation.
dentification of this anomaly may alter the access surgery
lgorithm for that particular patient. We therefore propose
ncluding examination for variations of the upper arm veins
s part of the vein mapping protocol prior to performing
asilic vein transposition arteriovenous fistula.
The authors thank Daynene Vykoukal, PhD, for critical
eading of the manuscript.
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